Mouse embryo gastrulation occurs at the primitive streak, where epiblast cells undergo an epithelial-mesenchymal transition and ingress to form a new population of mesenchymal cells that give rise to mesoderm and endoderm. Nascent mesoderm migration requires actin reorganization and dynamics, both regulated by Rho GTPases, among which Rac1, for which we have shown a role in cell migration and adhesion to the extracellular matrix.
Mouse embryo gastrulation occurs at the primitive streak, where epiblast cells undergo an epithelial-mesenchymal transition and ingress to form a new population of mesenchymal cells that give rise to mesoderm and endoderm. Nascent mesoderm migration requires actin reorganization and dynamics, both regulated by Rho GTPases, among which Rac1, for which we have shown a role in cell migration and adhesion to the extracellular matrix.
Through two-photon excitation live imaging of Brachyury (T)-Cre; mT/mG embryos, we have tracked cellular ingression and mesoderm migration at high resolution. We observe that nascent mesoderm cells leaving the streak have different shape changes and modes of displacement, depending on whether they invade the embryonic or extra-embryonic portions of the embryo. Interestingly, RhoA and Rac1 conditional deletion in nascent mesoderm impedes embryonic, but not extra-embryonic mesoderm migration. We have developed novel computer tools to refine and automate the analysis of cell behaviour and trajectory during gastrulation.
In parallel, we have studied the transcriptome of embryonic and extra-embryonic mesoderm cells along gastrulation, and have detected a rapid deviation upon entry in embryonic or extraembryonic environment, in particular at the level of adhesion molecules and extracellular matrix secretion.
Ongoing work in the laboratory aims to correlate cellular shape and motility with cytoskeletal dynamics and Rho GTPases activity in different portions of the embryo throughout gastrulation. In addition, we will assess the role of the extracellular milieu through culture of ex vivo explants and cells on matrices of defined composition, rigidity, and geometry. During development functional identity of cell populations must be specified along the body axes in order to generate the animal body plan. In vertebrates, the unsegmented anterior / head mesoderm and the posterior mesoderm that from somites are broad subtypes with distinct regulatory programs. We addressed whether the early program specifying mesoderm identity is divergent for the head mesoderm and the posterior mesoderm. Specifically, we tested whether the T-box transcription factor Tbx6, widely considered to play a role exclusively in posterior somite-forming mesoderm, underlies the divergence in the head and posterior mesoderm programs. Unexpectedly, our mouse mutant studies indicate a role for Tbx6 in the development of head mesoderm derivatives as well. Instead, our data support that the earliest signaling cues that polarize embryos along the anterior-posterior body axis underlie the divergence of head mesoderm and posterior mesoderm. Using embryonic stem cell differentiation as well as mouse embryology approaches, we show that the dual inhibition of Wnt / β-catenin and Nodal (TGFβ) signaling confer head mesoderm identity. Remarkably, mesoderm progenitors generated in culture by the dual inhibition differentiate readily and efficiently into beating cardiomyocytes and contractile skeletal muscle fibers mimicking the unique binary potential of the head mesoderm. Importantly, we find that Wnt / β-catenin inhibition is crucial for robust head mesoderm development in vivo. Taken together with evidences from literature, our study points to Wnt signaling and its inhibition as the 'switch' in bifurcating early mesoderm into posterior and anterior compartments, respectively. The role of Wnt / β-catenin signaling and inhibition in anterior-posterior (A/P) axis patterning appears conserved across bilateria and is therefore, considered central to achieve the bilaterian body plan. In this context, the anterior mesoderm subtype specification by Wnt inhibition is also likely a fundamental mechanism of early mesoderm patterning along the body axis across phylogeny. Decoding temporal interpretation of the morphogen Bicoid in the early Drosophila embryo Morphogen gradients provide essential spatial information during development. Not only the local concentration but also the duration of morphogen exposure is vitally important for correct cell fate decisions. To understand how cells temporally integrate information from a morphogen requires timespecific and reversible manipulation of morphogen signaling. We developed an optogenetic tool to switch off Bicoid-dependent transcription in the early Drosophila embryo with high temporal resolution. We find that Bicoid transcriptional activity is dispensable for embryonic viability in the first hour after fertilization, but persistently required throughout the rest of the blastoderm stage. Short interruptions of Bicoid activity alter the most anterior cell fate decisions, while prolonged inactivation expands patterning defects from anterior to posterior. Such anterior susceptibility correlates with high reliance of anterior gap gene expression on Bicoid. Therefore, cell fates endowed by higher Bicoid concentration also require input for longer duration, demonstrating a new aspect of morphogen decoding. Reactive Oxygen Species (ROS) are a group of highly reactive and partially reduced metabolites of oxygen. ROS, by virtue of their inherent chemical properties, cause damage to lipids, proteins and DNA and are therefore often associated with oxidative stress. However, in the recent past it has become apparent that ROS also serve as signaling molecules to regulate biological and physiological processes. Although ROS signaling has been implicated with cell cycle arrest, its role in regulating cell growth remains unexplored. Employing in vivo genetic studies in Drosophila we show that cells mutant for mitochondrial Acyl Carrier Protein 1 (mtACP1; Flybase ID ND-ACP1) not only get arrested in G1-S phase of cell cycle but are also growth compromised. The cell cycle arrest is achieved by a specific signaling cascade initiated by ROS and transduced by ASK-1, JNK, FOXO and the Drosophila p27 homolog, Dacapo that has been evidenced earlier in cells with attenuated activity of Complex I of mitochondrial electron transport chain. However, in stark contrast to cells with compromised complex I activity, mtAcp1 mutant cells are smaller in size due to overexpression of 4EBP by the ROS-JNK-FOXO signaling cascade. We demonstrate that this difference in cellular response stems from the qualitative and quantitative differences in the types of ROS molecules generated in these two different cell types. Furthermore, results of our molecular analyses reveal that cell growth regulation by ROS/JNK/4EBP1 does not impinge into the highly conserved TSC/TOR growth regulatory pathway. Therefore, the outcome of this study, apart from providing in vivo evidence of diverse cellular responses evoked by different thresholds of ROS signaling, unravels a novel mitochondrial retrograde signaling pathway triggered by ROS to restrict cell growth independent of TSC/ TOR cascade. The implication of this finding is significant as it brings forth a cell autonomous mechanism of regulating cell growth. The influence of microglia on neural progenitor behavior during embryonic development Microglia are the resident immune cells of the central nervous system (CNS), responsible for cleaning up cellular debris and responding to neural insults. However, recent studies are now showing a role for microglia in early neurodevelopment. In fact, microglia actually begin to invade the developing brain around embryonic (E) day 10.5 in mouse, raising the interesting notion that these yolk-sac derived immune cells might play an unappreciated role in CNS development. Indeed, early reports suggest microglia can influence neurodevelopmental processes such as progenitor maintenance and cell differentiation. Our overall research is focused on characterizing the functional role of microglia in the developing hypothalamus.
To start, we identified the spatiotemporal timing of microglia invasion into the embryonic hypothalamus and also characterized their activation states. Our results show microglia invade the hypothalamus starting at E11.5 and align with ventricular progenitors near the end of neurogenesis and the onset of gliogenesis at E15.5, where they appear to be in a highly activated state. These data led to the hypothesis that microglia play an unappreciated role in controlling the timing of gliogenesis in the developing tuberal hypothalamus. To test this hypothesis, we employed a pharmacological knock-down model to eliminate microglia from the embryonic brain. The elimination of microglia led to the accumulation of oligodendrocyte precursor cells and a loss of astrocytes in the tuberal hypothalamus, suggesting a defect in gliogenesis in the hypothalamic region. Indeed, using live cell imaging and in utero electroporation, we observed a fascinating and novel interaction between microglia and radial glia near the ventricular zone. We go on to show that microglia sever radial glial processes in the region known to give rise to astrocytes. Combined, we propose a novel mechanism whereby microglia interact with radial glia to control the onset of gliogenesis in the tuberal hypothalamus. Cycling organs such as teeth and hair are a unique case of development that requires continuous organogenesis far into life and tissues capable of sustaining these processes beyond the embryonic period. We use the leopard gecko (Eublepharis macularius), a generalized lizard with continuous tooth cycling, to investigate the role of different postnatal tissues in sustaining cycling. The requirement for tissues such as the successional lamina and replacement tooth germs can be uniquely tested in our gecko model because functional teeth attach only on their labial side to the jawbone. Lingually situated dental lamina tissues and developing teeth are therefore exposed for surgical manipulation. We developed techniques for localized replacement tooth extraction and disruption of dental soft tissues in adult geckos. These survival surgeries permit us to study multiple treatment conditions in a single animal and characterize short-and long-term phenotypes. Post-surgery animals are sacrificed, microCT scanned, decalcified, and sectioned for histology and immunofluorescence. Thus far, animals have been sacrificed 1, 3, 5, and 7 days after surgery. MicroCT and histological data confirm the extraction of all mineralizing replacement teeth from surgical sites. Three days following successional lamina ablation, the dental lamina is truncated orally and inclusions are present amongst disorganized aboral tissues. Mesenchymal cell proliferation is elevated after both extraction and ablation. By seven days, the dental lamina extends aborally and encloses nearby blood clots within cysts. Cell proliferation is evident in the new, much thicker epithelial tip of the dental lamina and in the surrounding mesenchyme. These results suggest that stem cells are recruited from nearby non-dental tissues as well as from within the dental lamina to repair the damage. We plan to further monitor replacement tooth formation at 2 and 4 weeks after surgery.
Funding: NIH F32 (TMG), MSFHR and Killam (KSB) fellowships, and NSERC Discovery grant (JMR). Our goal is to reveal how mammalian cells resolve their fate and interactions in the body and in real time. Because fixed specimens cannot capture cell dynamics, we use single-cell imaging technologies in live mouse embryos. We recently showed how transcription
